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Introduction
Recently, renewable resources have attracted great attention due to the shortage of fossil fuels, oil and greenhouse pollution. Since the output voltage of fuel cell and photovoltaic systems are mostly low, a high voltage gain is needed [1] [2] . Thus, the boost dc-dc converter is required which causes low efficiency and security of many converters. In addition, based on some investigations, the voltage source inverters (VSI) and current source inverters (CSI) have been shown to face several limitations and problems which can be expressed as follows:
1) Conventional VSI is unable to increase the output voltage because of being a buck converter, so a dc-dc boost converter is needed [3] .
2) Current source converter is a boost converter in the conversion from dc to ac and is a buck converter in the conversion from ac to dc. In the applications, where a vast range of voltage is needed, a dc-dc boost or buck converter is required. Thus, there will be an additional power conversion stage that causes an increase in the costs and a decrease in the efficiency [3] .
In order to overcome the limitations of voltage-source inverter and current-source inverter topologies, impedance-source networks have been proposed. Electric power conversion can take the advantage of the suggested network and provide voltage enhancement without any extra power stage. Feng Zheng Peng introduced the Z-source converter as the first impedance network in 2003 [3] , which could provide a new singlestage topology. The most significant feature of the Z-source network is being both opened and short-circuited unlike the VS or CS. The mentioned feature enables this converter with a mechanism that the main converter circuit steps up and down the voltage as desired in a single-stage power conversion [4] [5] . On the other hand, there are some disadvantages to ZSIs. The main drawback of the voltage-fed ZSI takes place in the boost mode, where the input current is discontinuous and the capacitors must sustain a high voltage. While, the main drawback of the current-fed ZSI is that the inductors must sustain high currents. To report further improvement on traditional ZSIs, the quasi-Z-source inverters have been suggested in [6] .
Beside the benefits obtained from the ZSIs, the quasi-Z-source inverters have their own advantages, such as continuous input current and reduced passive component ratings. The voltage gain of the Z-source inverters is limited. In order to increase the voltage gain, several magnetically coupled impedance networks have been suggested [7] , some examples for such networks are trans-Z-source [8] , Y-source [9] , quasi-Y-source [10] and quasi-T-source [7] . After comparing the trans-Z-source and the Z-source inverters, it was shown that the trans-Z-source inverter can improve the voltage gain due to its transformer [8] . Another important type of inverters is Y-source inverter, which uses three winding transformers. The main difference between this network and the classical impedance-network can be expressed by the method of calculating the voltage gain. Since it is undesirable for most renewable sources to have discontinuous input current, bulk dc-bus capacitors are needed to be used. Therefore, the quasi-Y-source network is proposed [10] . This paper proposes a new Y-source converter with the purpose of increasing the voltage gain of conventional quasi-Y-source converter considering the same winding factor. The suggested converter due to continuous input current uses a dc blocking capacitor. Therefore, it is able to eliminate the saturation problem.
In this paper, we have investigated the relations among the converter parameters such as voltage gain, voltage stress on blocking capacitors, average value of the output voltage and input inductor. Section 6 gives a brief description about the performance of the converter. This section is then followed by simulation and experimental results.
2. Proposed-Y-source performance Fig. 1 and Fig. 2 show the quasi-Y-source and the proposed-Y-source networks considering a three-winding transformer. The demonstrated networks contain an inductor L, two capacitors C 1 and C 2 , a controlled switch and diode D 1 , and a three-winding transformer with N 1 and N 2 and N 3 turns which present the primary, the secondary and thirdly turns, respectively. Furthermore, the mentioned converter is in line with other types of the impedance-source converters in many aspects, such as two operating modes, named shoot-through and nonshoot-through states [10] . The shoot-through state is forbidden in the traditional VSI since it can cause device damage due to a short-circuit of the voltage source. In the quasi-Y-source converter, the impedance source network, which is connected to the inverter bridge can alter the circuit operation and this situation allows the shoot-through states. Additionally, via the shoot-through state, the dc link voltage could be enhanced by the quasi-Y-source network [11] . This can guarantee the protection of the circuit from damaging besides improving the system reliability. The suggested Y-source network can be used both for the dc-dc converter or dc-ac inverter.
Regarding to the proposed Y-source network, the implementation of a dc-dc converter which is consist of an additional diode D 2 , capacitor C O , and load resistance R L is shown in Fig. 2 . When the switch SW is turned on, the shoot-through state is produced, in this state diodes D 1 and D 2 are turned off. Simultaneously, the capacitors C 1 and C 2 charge the magnetizing inductance of the transformer. Besides, the load is supplied by the buffer capacitor C O . The shoot-through state is shown in Fig. 3 and this state is formulated in equations (1) to (4).
The non-shoot-through state is shown in Fig. 4 . This state is produced when the switch SW is turned off, so that the diode D 1 converts to the on mode and the input voltage V in recharges C 1 and C 2 . Meanwhile, the filter capacitor C O and the power load are recharged by the input voltage with the magnetizing inductance. This state is formulated in equations 5 to 9.
The steady state causes the average voltage of the inductors to be zero over one switching cycle. From equations (1) and (5), the following relation can be obtained:
Where D st denotes the shoot-through duty cycle.
Applying the volt-second balance principle to the inductor L in yields:
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It follows from (9) and (11), the voltage across the capacitor C 1 and C 2 can be implied as:
  (5), (7), (9), and (12) that the maximum output voltage can be given by (14) during the nonshoot-through state. 
The range of variation for D st of the proposed-Y-source network can be determined as:
The voltage gain gets a negative value when the shoot-through time is greater than 1/ (1+ K'). It can be seen N 3 ) ) shown in Fig. 1 [10] . Following the analysis in [10] , the maximum output voltage of the quasi-Y-source impedance network is given by:
We can determine the variation range for D st as follows:
Therefore, in the same winding factor, it can be seen that the voltage gain of the proposed-Y-source network is greater than the voltage gain of the quasi-Y-source network as shown in Fig. 6 . We obtain from [10] 
The average of the output voltage
The average of the output voltage [12] can be found as follow:
The denominator of (18) indicates that the voltage gain will be negative when the shoot-through time becomes greater than 1/ (1+K'). The gain of average output voltage of the proposed-Y-source network with different duty ratio D st and winding factor K' is shown in Fig. 8 . Here, it is assumed that K'=2.
.Calculating the value of input inductor
The inductance of the dc-dc boost converter can be expressed through the current ripple factor K L . . If the losses are ignored, the output power P out is equal to the input power. So, the input voltage and the input power are used to calculate the input current [12] .
Inductor current ripple can be calculated as follow: Then the
The voltage across the inductor L during the non-shoot-through state is:
Substituting the relation (25) into (24) gives:
The current ripple factor K L can be expressed as:
The inductance of the dc-dc boost converter is stated through the current ripple factor K L based on equations (26) and (27), as follows:
In equation (28) Fig. 2 shows the design of the converter. Tables 2 and 3 
Conclusion
In this paper, we proposed a new impedance source network which is able to maintain small duty ratio and turns ratio of the coupled magnetics while being suitably used in converters operate in high voltage gain. In comparison to conventional quasi-Y-source and Y-source network, the new topology utilizes lower turn ratio and draw a continuous input current to achieve high voltage gain. This is a suitable feature of this topology to be applied for new energy sources. The expected performance and the functionality of the proposed dc-dc converter were confirmed by both Mathematical and experimental results. Table 1 . Gain of the proposed-Y-source impedance network achieved with different winding factor K' and turnsratio (N 1 :N 2 :N 3 ). Table 2 . General specification for the proposed-Y-source converter. Table 3 . General specification for the proposed-Y-source converter. Table 4 . General specification for the quasi-Y-source converter. 
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